Summary. This paper deals with the elasto-plastic stability problems of shells of revolution subjected to complex loading process. The governing equations were derived and were solved by using the Bubnov-Galerkin method and the loading parameter method. Some examples were considered.
Introduction
Numerous solutions of the elasto-plastic stability problems of rectangular plates and circular cylindrical shells have been published in the literature by using different theories of plasticity. The critical loads acting on these structures were determined and the influence on which of the complex loading process was considered.
Many structural shell configurations are shells of revolution, the elastic stability problems of which were investigated widely, but for elasto-plastic problems there was a few only results, especially when considering the complex loading process acting on these structures [5, 6, 8, 10] .
In this paper by using the theory of elasto-plastic processes and the adjacentequilibrium criterion we derive the governing equations of the elasto-plastic stability problem of shells of revolution. Here we restrict ourselves, the applied load is axisymmetric and the linear bending equations are used for the prebuckling deformation. The Bubnov-Galerkin method and the loading parameter method are applied in solving problem.
For illustration we consider the axisymmetric buckling of a circular plate subjected to uniform compressive loading and a shallow spherical cap subjected to uniform external pressure. From the obtained results we can get again the results of Timoshenko and Hutchinson for elastic shells, this fact provides the reliability of the obtained results.
Prebuckling state of a shell of revolution
Let us consider a shell of revolution, the middle surface of which may be form by rotation of a plane curve about an axis in the plane of the curve. Planes normal to axis of revolution intersect the surface in curves called parallels and planes that contain the axis intersect the surface in curves called meridians. Points on the surface may be referred to coordinates <p , e, where <p denotes the angle between the axis of revolution and a normal to the surface and () is a circumferential coordinate. The principal radii of curvature of the surface in the <p and e directions may be denoted by R 2 and R 1 respectively. It is convenient to introduce an additional variable r defined by the relation
If the applied load is axisymmetric, the deformation also is axisymmetric prior to loss of stability. In the pre buckling state the membrane forces N~, N2, N~0 are functions of <p alone, they satisfy the corresponding linear membrane equations [3] 
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where N~ =ha~, N2 = ha2, N~0 = ha~0 .
Equations are seen to be statically determinate, so that solutions can be obtained without use of constitutive and kinematic relations. If the shell is not subjected to torsional loading, N~0 = 0 and the second of equations is discarded.
Stability equations
The linear stability equation may be obtained by application of the adjacentequilibrium criterion. For this purpose we put According to the theory of elasto-plastic deformation processes the force and moment intensities are related to the internal stresses and deformation by the equations
where and the linear middle surface kinematic relations are of the form The obtained equations ( 3.1) ...;-( 3.4) form a closed system of homogeneous equations of the elasto-plastic stability problem of shell of revolution. Combining boundary conditions to this system we can get the solution of the problem by using the Bubnov-Galerkin method and the loading parameter method. For illustration, solutions of these equations are discussed in consideration of circular plates and spherical caps.
Circular plates
The middle plane of a circular plate may be defined by polar coordinates r and (). in specialization of t he shell of revolution equations for the plate, R 1 and R 2 go to infinity, the angle r.p goes to zero, sin r.p = 0, cos r.p = 1 and lim R 2 dr.p = dr.
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The equation (3.1) become 8 88Nre
where the subscript r.p has been replaced by r . The equations (3.2), (3.3) are the same, but replacing subscript r.p by r. The relations (3.4) now are of the form
For example we consider the axisymmetric buckling of a plate subjected to uniform compressive loading P = ph. Prebuckling state occurs in the plate
thus !: = <f>' 1s) or <f>'(s)ds = dp, i.e, p = <f>(s) =a~.
Because of axisymmetric buckling the determined quantities do nod depend on variable(} and <5/3 9 = 0. The third equation of (4.1) specializes to the expression , the general solution of ( 4.6) is 
(ar).
If the plate is clamped on its edge, so <5/3r = 0 at r = a, where a is the plate radius , then J 1 (aa) = 0, the smallest root for which J 1 = 0 is aa = 3.83. Consequently we get the relation for defining critical load . the expression ( 4. 7) reduces to the result of Timoshenko [9] .
The equation ( 4.6) may be solved by Bubnov-Galerkin method by putting of3r = Ar(a -r), which satisfies conditions of3r = 0 at r = 0 and r =a. Substituting the expression of of3r into (4.6), multiplying obtained result with r(a-r) and integrating over the plate surface, 0 ~ r ~ a, 0 ~ (} ~ 27r, gives
the error consists of more than 23. 
Shallow spherical shell
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u Two first equations (5 .1) are satisfied identically if
The third equation of (5.l)and the equation (5.6) in use of expressions (5.3), (5.7) and (5.8) lead to the equations for w and F . For example we consider a spherical cap subjected to uniform external pressure p. Let us assume the prebuckling state may be approximated by a membrane analysis,
In this case, the third equation of (5.1) has the form
or R 2 and the internal moment increments (5.3), the strain increments (5.7) are rewritten as follows 
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The Bubnov-:Galerkin method can be applied to the system of equations (5.12), (5.13) by choosing expressions of F and 6w, satisfying boundary conditions. In results we get the equation for finding critical load. Otherwise, because of the appearance of only Laplace operator in (5.12), (5 .13) we can use the following coordinate transformation [7] . we obtain this value is the same as that given in [2, 7] . Remark. In [8] these two particular cases; circular plate under uniform compressive load and spherical cap under external pressure, have been considered by use of the incremental theory of plasticity and the deformation theory of plasticity by generalizing directly formulae of elastic solutions. But our formulation can be applied not only to these particular cases, but to more general cases of shells of revolution as well. The investigated cases only play a role of illustration of the method.
Conclusions
The governing equations of the elastoplastic stability problem of shells of revolution subjected to complex loading are derived by using theory of elastoplastic processes and the adjacent-equilibrium criterion.
The Bubnov-Galerkin method and the loading parameter method can be used for solving problem, in some particular investigated cases we can get analytical solutions.
The elasto-plastic stability of circular plates and spherical shells is investigated. Obtained expressions of critical loads reduce to results of Timoshenko and Hutchinson for elastic shells.
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